We present, for KCN and NaCN in their electrically disordered and ordered low-temperature phases, a microscopic model using interatomic forces of the Born-Mayer type. We calculate with our model the atomic positions, the normal modes, and the elastic constants of KCN and NaCN in their ordered phase. %'e also calculate the atomic positions in the disordered phase. We adjust the parameters of our model to fit available experimental data. We then use this model to investigate other possible ordered structures of KCN and NaCN. Under the restriction that the order-disorder phase transition be continuous, we find that there are theoretically only six such structures. Using our model, we calculate the atomic positions as well as the energy per molecule for each of these structures. Our model predicts correctly which of these structures is most energetically favorable and should be experimentally observed.
' and other optical techniques. ' ' There have also been a number of theoretical studies. ' We develop for KCN and NaCN a microscopic model using interatomic forces of the Born-Mayer type. We calculate with our model the atomic positions, the normal modes, and the elastic constants of KCN and NaCN in their antiferroelectric phase. We also calculate the atomic positions in the electrically disordered phase. We adjust the parameters of our model to fit available experimental data wherever possible.
We then use this model to investigate other possible ordered structures of KCN and NaCN. We consider ferroelectric as well as antiferroelectric ordering. Under the restriction that the order-disorder phase transition be continuous, we find there are theoretically only six such ordered structures. One of them is, of course, the antiferroelectric structure actually observed experimentally in KCN and NaCN. Using The symbols a, b, and c are the orthorhombic lattice parameters, rc and rN are the distances of the C and N atoms, respectively, from the CN center of mass, and bcN and b,ni,"are the displacements of the CN center of mass and the anion, respectively, from their sites of symmetry.
Atom
Positions [ix,y, z) ' ' from phase II, In the transition the C2p, structure ' For a structure with dipole ordering, we obtain from Eq. (1) Fig. 1 .
B. Induced dipoles
in an indirect interaction between the two CN ions which favors antiparallel alignment. We obtain a similar result using the induced dipole at the positive-ion site (0,0, -, ' c). From these examples, we can see how the presence of induced dipoles lowers the energy of the X structure. The other structures are not as greatly aided by induced dipoles in the ways we have seen above for the X structure.
In the R structure, for example, the positive ions are constrained by symmetry to have zero displacement, thus producing no induced dipoles. Allowing the lattice to be de- formable greatly favors the X structure relative to the others and constitutes the principle reason this structure is the one observed in nature.
V. ' It is simple to understand how induced dipoles, particularly at the positive-ion sites, can have such a large effect on the total dipole energy. Consider, for example, the X structure. In this structure, the positive ions (K or Na) are displaced such that their induced dipole moments point in the same direction as the permanent dipole moments of their neighboring CN ions in the same a bplane. Thus, all dipoles, permanent and induced, in the same a-b plane, are parallel to each other, whereas dipoles in adjacent a bplanes are an-tiparallel (see Fig. 3 ). Now consider two nearest-neighbor CN ions such as those at (0,0,0) and ( -, 'a, -, 'b, -, 'c Table VIII) The values for A, , J and p, J between unlike atoms were obtained from Eqs. (9) and (10).
Second, we reduced, by a factor 1.72, the values of A, (K,C), A, (K,N), A, (Na, C), and A, (Na, N) between nearestneighbor ions along the c direction (see Fig. 4 ). As mentioned above, the value 1.72 was chosen to give us the best fit to a, b, and c. Physically, the repulsive force comes from the CN ion as a whole and not from the individual C and N atoms. In our model we approximate this repulsive force between ions with a sum of repulsive forces between atoms. This approximation works fine for most pairs of ions, but for the pairs shown in Fig. 4 where the positive ion is nearly equidistant from both the C and N atoms, the sum of repulsive forces between atoms is likely to give a resultant repulsive force between ions which is too large. Thus, in order to fit our model to the known structure parameters, we reduced A, ;~f or these pair interactions by a factor 1.72.
As can be seen in Table IX , our fit to a, b, and c is fairly good. In fact, considering that the same set of force parameters [with the exception of A, (K,K),p(K,K) and A, (Na, Na), p(Na, Na), of course] are used for both KCN and NaCN, the agreement is remarkable. (1) the electric dipole moment p of the CN ion, and (2) a difference in the Born-Mayer paratneters for the C and N atoms, i.e. , the C atom is slightly "larger" than the N atom.
We found early in our investigation that both sources Our choice of p is based on a fit to other experimental data, as will be discussed later.
B. Normal modes of vibration
Using our model we calculated the normal modes of vibration for the X structure in KCN and NaCN. In our calculations we used the harmonic approximation, essentially following the method briefly discussed in Ref. 22 .
From the calculation we found an unstable mode: an
where p is the angle between the C -N axis and a vector from the CN center of mass to the positive ion. We chose po n/2 --Th. e p. arameter a was adjusted to fit our model to experimental Raman light-scattering data. ' ' We obtained a =0.5 X 10 ' erg for KCN and a=O. SX10 ' erg for NaCN.
The Raman-active modes calculated from our model are shown in Table X 
